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[57] ABSTRACT

A coupling device for coupling light waves between
optical components for signal transmission including a
developed, transparent, negative photoresist layer m-
terposed between the optical components to be
coupled.

10 Claims, 4 Drawing Figures
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PHOTORESIST LAYER WAVEGUIDE COUPLING
| DEVICE R |

BACKGROUND OF THE INVENTION

This invention relates to a ceuplmg device for light
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waves transmitted between optical components for

signal transmission and to a process for the productmn
thereof. |

In optical 51gnal transmission by means of light
guides, light signals which are produced in a transmitter
may be input and output coupled to intermediate ele-
ments such as modulators or intermediate amplifiers
and receivers. The radiation energy of the light signals
should be transmitted as fully as possible between one
of the above mentioned intermediate elements and the
light conductors. For this purpose coupling devices are
required One of the characteristics of such coupling
devices is that they be favorably adapted fer the light
transmission.

In order, for example, to couple the input of light
emitted from a laser diode into a light guide having a
small circular cross-section with good efficiency, a lens
system can be constructed between the light inlet and
outlet surface. This, however, requires very expensive
adjustment measures as the diameters of optical wave
guides are usually between 5um and 100um.

Accordingly, 1t becomes desirable to have a coupling
device for guiding light between wave guiding compo-
~nents which is simple to produce.

SUMMARY OF THE INVENTION

An object of the invention is to provide a coupling
device for guiding light between wave guiding compo-

nents which is of the appreprlate shape and easy to
produce.

Another object of the invention is to provide a cou-
pling device wherein the index of refraction of the
coupling material 1s the same as the index of refraction
of the adjoining components. |

Another object of the invention s to surround the
coupling material with a transparent solid substance
which has an index of refraction which is lower than
that of the coupling material. | C

Another object of the invention is to provide cou-
pling devices which will permit the coupling of light

SIgnals between llght gundmg ﬁbers and terminal de-

vices.

Another object of the invention i1s to provnde a cou-
- pling device to be disposed between wave guiding com-
ponents which is formed as a continuous light guiding
junction, the end faces of the coupling device being
matched to ‘the optical components to be coupled.

Other objects and advantages of the invention will
become more apparent when considering the following
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view in elevation of a coupling device
for light waves embodying the invention herein;

FIG. 2 is a side view in elevation of a coupling device

for coupling two llght guides to three adjacent light
guides;

FIG. 3 is a side view in elevation of a couplmg dewce -

for coupling a light guide to a laser diode; -
FIG. 4 1s a top view of the device shown in FIG. 3.
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DESCRIPTION OF PREFERRED EMBODIMENT

One of the purposes of this invention is to provide a
coupling device of the correct shape for guiding light
between wave guiding components and which 1s simple
to produce.

- This purpose is accomplished in accordance with the
invention by a developed, transparent, negative photo-
resist layer having low optical attenuation which 1s
arranged between at least two components and which is

~ formed as a continuous light guiding junction, the end
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faces of which are matched or mated to the optical
components which are to be coupled.
When light is coupled between a wave guiding com-

ponent and a plurality of other wave guiding compo-

nents, the latter are arranged closely adjacent to one
another. The light entry surface of the photoresist layer
here is matched with, that is, is coextensive with the
light outlet surface of the individual component and the
light outlet surface of the photoresist layer 1s also coex-
tensive with the total surface which 1s formed by all the
adjoining, closely adjacent components.

The material chosen for the photoresist layer is in
particular one which ensures that the index of refrac-
tion of the photoresist layer i1s matched to the indices of
refraction of the adjoining components In order to
avoid light losses through reflection and scattering. The
surface roughness of their light entry surfaces does not
reduce the signal energies which are to be.transmitted.

The photoresist layer serves to couple light signals
between light guiding fibers and terminal devices or of
hight guiding paths arranged on a substrate and terminal
devices. In the latter case the air surrounding the pho-
toresist layer forms a medium which has an index of

refraction which is smaller than that of the photoresist

layer so that light signals are guided in the photoresist

layer as in the core of a cladded core fiber. -

When light guiding fibers are coupled to terminal

~devices, the photoresist layer can advantageously be
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surrounded by a sohid substance whose index of refrac-
tion is lower than that of the photoresist layer. Such a
solid substance provides the components which are to
be coupled with a mechanical stability in addition to
their wave-guiding function.

Advantageously the light guiding fiber or the light
guide which 1s arranged in strip form on the substrate
and which is to be coupled is itself used for the produc-
tion of the coupling device. The light guide is in partic-
ular arranged 1n the beam path in front of the compo-
nent which is to be coupled where it is adjusted. The
photoresist 1s interposed between the light guide and
the adjoining components and 1s exposed via the light
guide to light which has a wave length compatible with
the photoresist. Then the photoresist layer is devel-
oped, the non-exposed parts being removed.

‘The shape which i1s matched to the geometry of the
components to be coupled is achieved in particular by
the light distribution entering the photoresist layer

from the light guide. For this purpose in front of the

light guide there can be constructed an optical arrange-
ment provided with a suitable aperture for radiating the
light into the light guide, or the light exit surface of the
light guide can be shaped in such a way that it produces
a suitable lens effect.

- For mechanical stabilization with photo-lacquer
layer can advantageously be surrounded with a solid
transparent substance whose index of refraction is
lower than that of the photoresist layer.
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The mvention will now be explained in detail rnakmg
reference to exemplary embodlments shown n the
drawings. * |

FIG. 1 illustrates a coupling device for the wave-
guide connection of a cladded core fibre 1 to a laser
diode 2. These two components are permanently ‘ar-
ranged on a substrate 3. Between the end faces'4 of the
cladded core fibre 1 and § of the laser diode 2 1S dr-

ranged a photoresist layer 6, shaped in such manher

that its cross-sectional end faces are identical to the
cross-sectional face of the core 7 of the cladded core
fibre and to the cross-sectional face of the p-n junction
zone 8 of the laser diode. The photoresist zone 6 is
surrounded by a substance 9 which has a lower index of
refraction than:that of the photore31st layer. A light
wave emitted from the laser diode 2 is thus precisely
input coupled into the adjoining cladded core fibre on
the left-hand side by means of' this couplmg dewce as 1f
by a light wave guide. - : . e
FI1G. 2 shows two light guldmg paths 11 and 12 on a
substrate 10. The light signals carried by these two light
guiding paths are to be input coupled into the three
light guiding paths 13, 14 and 15 arranged on the sub-
strate 10. This is effected by the photoresrst layer 16
whose light inlet faces and light outlét faces are of such
size that they are the 'same as the total area formed

from the end faces 17 and 18 of the conductor paths
11, 12 on the one side and the total area of the conduic-

tor paths 13, 14 and 15 formed by the end faces 19,20
and 21 on the other side.
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FIGS. 3 and 4 show a construction for the producuon |

of a coupling device between a light gulde 22 and ‘a
laser diode 23 in a side view and ‘a top view, respec-
tively. The llght guide 22 is a cladded core fibre with a
core 24 and a cladding 25. The two components 22 and
23 are secured and adjusted on a substrate 26. The
space between them is filled with a photores1st layer 27:
On the substrate 26, on the left in front of the llght
guide 22 is arranged an optlcal system 28 which trans-

mits a plurality of light rays to the end face 29 of the.

light guide 22 distributed in such manner that it hits the
light guide 22 parallel in the xz plane (FIG. 3) and
divergently in the yz plane (FIG. 4). Then the pluralrty
of light rays, which propagate in the gulde by means of
total internal reflection, spans only a very small angle

with the guide axis in the xz plane but a blgger one 1In,

the yz plane. When this plurality of llght rays emerges
from the light conductor 22 it passes through the pho-
toresist layer 27 in such manner that, in accordance

with FIG. 3, the photo lacquer layer 27 is exposed to

light approx1mately in parallel as lndlcated by arrows

30 and in accordance with FlG 4 in an expandmg area

the cladding have given indexes of refraction, the spac-
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In the case of ltght guldes 22 in"which’ the core and $

55

ing between the light conductor, 22 and thé end device . -

23 is determined experimentally in that. the llght nlet

and outlet faces of these components are identical to .

the two end faces of the exposed photore51st layer The

distances between the components, i.e. the length of ':_.60-

the photoresist layer i Is of the order of a few tenths of a

millimeter.

During the subsequent development of the photore-

sist layer its non-exposed_ parts are removed The re-
65

maining exposed part of the photore31st layer acts In
the manner of the core of a cladded core fibre whose
cladding is air with an 1ndex of refractlon smaller than

that of the core.
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- In order to form a given ratio of the index of retrac-
tion of this core -and a surrounding cladding and in
order to mechanically stabilize the coupling device, this
core .can be surrounded by a transparent solrd sub-
stance hav:ng a suitable index of refraction.

- The_ effect of this coupler.is to cause a light pulse
emitted from the laser diode 23 to be accurately input

coupled into the light guide 22 with low losses. The

light guides can be cladded core fibres or graded index

fibres.

~What is clalmed IS: . l

“1. A.coupling dewce for the transfer of llght transmis-
sions containing signals between. optical components
comprising-a substrate, two optical components each
having an' end face, said components having a portion
adjacent its end face disposed on the substrate with the
end faces of the two components being in spaced rela-

tlonshrp, a developed, transparent, negative photo-

resist layer disposed on the substrate between said end

faces and in contact therewith, said photo-resist layer
being formed so that its end faces are matched and
coextensive with the end faces of the optical compo-

nents to form a contmuous light gurdmg junction there-

between.
2. The coupling device of claim 1 wherein’
said. photoresist layer has a low optical attenuatlon
"3, The coupling device of claim 1 wherein
the index of refraction of the photoresmt layer 1s
| matched to the index of refractlon of the adjoining
" ‘two optical-components. |
4. The coupling device of claim 1 wherein
the optical components are light guiding fibers and
terminal devices.

8, The coupling device of claim'1 Wherem

thé optical components are light guldmg paths and

~ terminal devices, the light guiding paths being ar-
ranged in 1ntegrated optlcal fashlon on the- sub-
strate. | -

6. The coupling device of clalm 1 wherem
the index of refraction of the photoresist layer is

matched to the index of refraction of the adjoining
- two optical components and further includes a
-:transpdarent solid substance which surrounds the
‘photoresist layer; R |

the index of refraction of the transparent solid sub-
stance: being lower than - that of the photoresist

| layer | E |

~-7. The coupling devlce of clalm 1 wherein

. the index of refraction of the photoresist layer is

> matched:te the index of refraction of the adjoining

- two optlcal components;.and .
the optical components are llght guidmg ﬁbers and
© terminal devices. = . -

- 8. The coupling device of clalm 1 wherem |
. the index of refraction of the photoresist layer is
. matched to the.index of refraction of the adjommg
~ two optical components and L |

the optical components are light guidmg paths and
terminal ‘devices, the light guiding paths being ar-
ranged in mtegrated Optlcal fashlon on the sub-
strate. |
9. The coupling de’vice of claim 1 including
“a transparent solid substance whlch surrounds the
photoresist- layer o |
10. The coupling device of clalm 9 wherem
the index of refraction of the transparent solid sub-

stance 1s lower than that of the photore51st layer.
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